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Highlights And Contributions

¢ This work presents a detailed performance analysisof TensorFlowLite and
TensorFlowlensorRT(TFTRT)inference compilers by comparing throughput,
latency,and power consumption

¢ It describesnferenceO 2 Y LJAbEhaviaEsgecificto DLmodel'sarchitectureand
computinghardware

¢ It recognizesa needfor a standardizedoenchmarksuite to analyzethe inference
O 2 Y LJroptighikdiddpipelinefor edgecomputing

¢ Theresultspresentedin this paperwill provide scientificcomputingcommunity
solutionsto optimizethe inferenceperformanceat Edge
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Background And Motivation

Challenges the cloud-basedinference

¢ Limitedbandwidthwhencomparedto volumeof data

¢ Undesirablehighlatency
¢  Securityandprivacyconcerns

Togetherwith our colleaguesat
PVAMUwe performresearch

to build the capabilitiesaddressing
complexproblemsposedby loT,ML
andBigData
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An Industrial IOT Example
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Edge Computing And Deep Learning

¢ EdgeComputing
¢ @ Lsla distributed computing paradigmthat brings computation and data
storagecloserto the locationwhere it is neededto improve responsetimes

¢ Asurgein the DeeplLearningbased

¢

andsaved I YR A RGO K€

applicationson edge
¢ Objectdetection
Eg., UAVtrackinga movingtarget

¢ ImageClassification

Eg., SurveillancgechusingCCTV
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Applicationin highenergyphysics

¢ Realtime imageanalysisn H:LHCand DUNE
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Improving Efficiency Olinferenceon-Edge

¢ Computinghardwareof the edgedevicess usuallyCPUsGPUspr ASICs
¢ ThesexPUsare limited in compute and power resourcescomparedto the cloud
servers
¢ Researcho enableefficient deeplearninginferenceon the resourceconstrained
edgedevices
¢ Developmentf low-power SoCspecializedor deeplearning Eg., D2 2 3t S
TPUL v UNMPU Q &
¢ Modelcompressiortechniques)ike quantization,layerpruning
¢ Designof lightweightmodelslike MobileNet,YOLO
¢ Theabove approacheshave limitations in addressingheterogeneoushardware
andmodels
¢ Needfor frameworksto implement fine-grained optimizations common across
DLmodels
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Need For Compiler Frameworks For Infererm@Edge

¢ DiversifiedDLcomputehardware/backend
¢ Challenges deploying DLmodelsin varyinginput formats
¢ Needfor DL-oriented multi-IR to apply commonly adopted frontend and backendoptimization

techniques

DNN in the supported
frameworks

TF, PyTorch,

T " A Precision
/’ \ Calibration
/ OO“‘O \ A Layer Fusion
'Oa 0o ' A Kernel Auto-tuning
A Dynamic Tensor

Memory é
é
Compiler Framework
A Performs target independent optimizations.
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Optimized Graph
Runtime
To be deployed on the
Edge Devices
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Resource-Constrained
Edge Devices
Fast, Memory & Power-
Efficient Execution
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‘¢ TensorFlowl ite
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Compiler Frameworks For Inferenam-Edge

¢ Thedevelopmentof compilersfor DNNis currentlya hot researchtopic
¢ GLOWnNGraph,TFXLA,TensorRTTVMX

¢ Edgecomputingsystemsandtools

¢ Cloudlet,SpanEdgeAirBox ApacheEdgent AzureloTEdge
¢ Criticaldesignissuedike multi-userfairness security,privacy,soon

¢ Inferenceon the edgeis hinderedby resourceconstraineddevicesc introducing
bandwidth,throughput, power, or efficiencyrelatedchallenges

¢ Development of TensorFlowlensorRT (TFTRT) integrated solution and
TensorFlowite (TFLite}o optimizeinferenceon the edge
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Overview Of DL Compilers For Inferenor-Edge

¢ TensorFlowlensorRT Integrated Solution {TRT)

N TensorRT

Tensor

¢ TensorFlow Lite (TFLite)

“¢" TensorFlow Lite|
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TensorFlowTensorRT Integrated Solution

¢ TensorRT CUDAbased SDK for higberformance deep learning inference

¢ Itis tightly integrated with TensorFlow

¢ Provides ONNX support

¢ Supports input in various frameworks like CafxNet, ChainerPyTorchetc

¢ Performs optimizations specific to Nvidia GPUs only

N TensorRT
l* + ]_l: =

Tensor
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TensorRT Workflow

Import Serialize [
. ||
Model Engine ootimized
Trained Neural — TensorRT l pumize
Network Optimizer Plans

Import and optimize trained models to generate optimized plans

4 N\
De-Serialize Deploy Data Center
C Engine Runtime _
Optimized J, — TensorRT ‘ Automotive
Plans Runtime Engine Embedded
. J

Deployment of generated inference engines
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TensorFlow Lite

MLIR
TensorFlow APIs -File Format Infrastructure TFLite Converter
— P— Data Type Backend
w eras Ow leve . TF Graph Import
tf. Keras Concrete MLIR Lowering
Model SavedModel | | ction(s) -l NNAPI

!

- - GPU MLIR Optimizations
onverter] Interor r [,
terprete CPU

TFLite Flatbuffer Export

Server Client

Architecture of TensorFlow Lite [ TansorFlowL ite]
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Pivotal Optimizations

¢ Quantizationc FPL6, INT8, MIXEDPrecision
¢ Horizontalandverticallayerandtensorfusion

¢ Dynamidensormemoryallocation

¢ TensorRperformscalibrationto reducethe accuracyoss
¢ TensorRperformskernelautotuning

¢ TFLitgperformsweightsclustering reducingthe numberof individualweights

:S y H INSTITUTE FOR ADVANCED Exascmlhb 12
I COMPUTATIONAL SCIENCE Exascale Programming Models
Laboratory



Vertical And Horizontal Layer Fusi@nAn Example

@ concat
bias

1x1 conv. 3x3 conv. L 1x1 conv.
relu
bias max pool
1x1 conv. 1x1 conv.

An example of CNN

next input
@ concat
3x3 CBR 5x5 CBR 1x1 CBR

concat

1x1 CBR 3x3 CBR 5x5 CBR 1x1 CBR

Vertical Layer Fusion Horizontal Layer Fusion
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Experimental Setup

¢ Evaluated Models
¢ Dataset

¢ Hardware Specifications

¢ Software Specifications
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Evaluated Models

¢ Image Classification ¢ Object Detection
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ResNet50 v2

Stride=1 block

MobileNet v2

SSD_MobileNet_v2

. Source: ResNet_w@cw-tricks.com; MobileNet v2a I NJ { F YRt SNJ SG | f &% E)fh la%b Si+xHY w
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